At birth, regression of blood vessels is crucial for the maintenance of lens transparency. In mammalian eyes, the pupillary membrane and hyaloid vessels, including the hyaloid artery, tunica vasculosa lentis and vasa hyaloidea propria, nourish the immature lens, retina, and vitreous. These vessels are known to regress by the fifth month of gestation in humans.\[[@ref1]\] Failure of the tunica vasculosa to regress leads to an ocular pathology called persistent fetal vasculature (PFV), which can lead to cataract formation and impaired visual function \[[Fig. 1](#F1){ref-type="fig"}\].\[[@ref2][@ref3]\] In severe cases, the retro-lenticular fibrovascular tissue contracts and pulls on the ciliary processes. The ciliary processes are typically elongated and are easily seen with dilatation \[[Fig. 2](#F2){ref-type="fig"}\]. The fibrovascular tissue adherent to the posterior lens capsule sometimes results in cataract formation and sometimes in intraocular hemorrhage. Typically, it is associated with microphthalmia and leukocoria. The broad clinical manifestations of PFV depend on the anatomic region involved, i.e., anterior PFV, posterior PFV, or both. In Anterior PFV vascular abnormality is located in the posterior lens capsule. In posterior PFV the remnant vascular stalk is seen arising from the optic disc and radiating out in all directions and it can occur in combination with anterior and posterior segment abnormalities, i.e., vitreous stalk, preretinal membranes, optic hypoplasia, retinal folds, and retinal detachment.\[[@ref4]\] The present study uses the pathological condition of the lens, that is, persistent fetal vasculature (PFV), as a model to study the factors affecting the regression of fetal vasculature.

![Clinical image of cataract with PFV](IJO-67-1618-g001){#F1}

![Elongated ciliary processes seen with dilatation](IJO-67-1618-g002){#F2}

The basement membrane or the extracellular matrix (ECM) of the lens is known as the capsule. It is lined with epithelial cells in the anterior and equatorial capsules while the cells lining the posterior capsule disappear before birth. The lens capsule mainly consists of collagen IV with 6 genetically distinct α (IV) chains: α 1 (IV) to α 6 (IV). The non-collagenous (NC) domains of several different collagens have anti-angiogenic properties.\[[@ref5][@ref6]\] The NC-1 domains of the α 1, α 2, α 3, and α 6 chains of collagen IV inhibit angiogenesis and tumor growth *in vivo*.\[[@ref7][@ref8][@ref9][@ref10]\] These domains are called arresten, canstatin, tumstatin and endostatin, respectively. We hypothesized that these collagen-derived antiangiogenic factors present in the ECM (lens capsule) of lens epithelial cells (LECs) may have been altered in the condition of PFV cases. To our knowledge, there is no published study documenting the role of collagen derived anti-angiogenic factors in persistent fetal vasculature from lens epithelial cells in humans. The aim of the present study is to evaluate these antiangiogenic factors (arresten, canstatin, tumstatin, and endostatin) and regulatory molecules (MMP-2, MMP-9) in PFV cases.

Methods {#sec1-2}
=======

Patient selection {#sec2-1}
-----------------

Research procedures were conducted in accordance with Institutional Ethical Board guidelines and the Declaration of Helsinki. A total of 161 pediatric cataract surgeries were performed during the period March 2013 to March 2015. Of these, a total of 13 cases were diagnosed with PFV. All the cases had purely anterior PFV. All the cases had posterior capsule plaque and fibrovascular tissue attached to the posterior capsule. In 4 cases ghost vessels were seen emanating from posterior capsule into the vitreous. However, in these 4 eyes there was no vascular remnant arising from the optic disc. In no eye we could find anterior capsule changes in the form of fibrosis or vascularization. Cases with posterior PFV and mixed PFV were excluded from the study. The ideal controls would be transparent lenses in children. As it is ethically not possible to use such subjects as controls, we selected children who had cataract with absence of PFV. None of the control eyes were having anterior or posterior capsular changes in the form of fibrosis or vascularization. Cases and controls were both age and gender-matched.

Sample collection and processing {#sec2-2}
--------------------------------

A continuous capsulorhexis was performed during cataract removal and the central portion of the lens capsule (approximately 5 mm in diameter) harboring LECs was collected in a balanced salt solution. Samples for quantitative Polymerase Chain Reaction (PCR) were collected in TRIZOL (Invitrogen) for RNA expression within 30 minutes of surgery and stored at - 26°C until processed further. Both RNA and protein were extracted from each sample according to the manufacturer\'s protocol. RNA was used for cDNA preparation.

Quantification of m-RNA by real-time PCR {#sec2-3}
----------------------------------------

Total RNA was extracted from samples using TRIZOL (Invitrogen) according to the manufacturer\'s protocol. 500 ng of total RNA was reverse transcribed at 25°C for 5 minutes, at 42°C for 60 minutes and then at 70°C for 5 minutes in 20 μl of 0.5 μg of oligo (dT), 20 pmol primer, 3 mM MgCl~2~, 0.05 mM dNTPs, 4 μl of Improm-II™ 5 × reaction buffer (Promega), 1 unit Recombinant RNasin^®^ Ribonuclease Inhibitor and 1 μl Improm-II^™^ Reverse Transcriptase (Promega). For quantitative PCR, amplifications were performed on LightCycler®480 (Roche Applied Science) in 20 μl reaction using 2 μl cDNA, 10 μl SYBR Green I Master (Roche Molecular Biochemicals) and gene-specific primers at 2.5 μM concentration. The amplification was carried out at 95°C for 10 minutes before the first cycle, at 95°C for 15 seconds and at 60°C for 60 seconds repeated 40 times. Quantitative PCR for arresten, canstatin, tumstatin, endostatin, MMP-2 and MMP-9 was done and β-actin and GAPDH (Glyceraldehyde 3-Phosphate Dehydrogenase) were used as the housekeeping gene. cDNA was amplified using the primers from SA Biosciences. The relative expression normalized to the housekeeping gene was calculated using LightCycler®480 Software (Roche Molecular Biochemicals). For this analysis we have represented the ΔCt value of mRNA expression, which is inversely proportional to the amount of target nucleic acid in the sample that means lower value will indicate higher levels of the target molecule.

Statistical analysis {#sec2-4}
--------------------

Statistical comparisons were performed using non-parametric tests such as the Kruskal-Wallis and Mann-Whitney tests.

Results {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows the patient demographics of all patients with PFV. Mean age of all cases and controls was 41.15 months (3--132 months) and 26.64 months (1--108 months), respectively. Out of 13 cases, 4 (30.77%) were girls and 9 (69.23%) were boys, while out of 13 controls 8 (61.53%) were boys and 5 (38.46%) were girls.

###### 

Demographic data

                         Controls                     Cases
  ---------------------- ---------------------------- -----------------------------
  Mean age (in months)   26.64 (1 month-108 months)   41.15 (3 months-132 months)
  Gender                                              
   Female                38.46%                       30.77%
   Male                  61.53%                       69.23%

The relative mRNA levels of arresten, canstatin, tumstatin, endostatin, MMP-2, and MMP-9 in cases were 6.20E-03 ± 0.003, 1.49E-01 ± 0.02, 1.70E-01 ± 0.007, 3.20E-03 ± 0.003, 1.11E-03 ± 0.0009 and 3.72E-04 ± 0.0001, respectively \[[Table 2](#T2){ref-type="table"} and [Fig. 3](#F3){ref-type="fig"}\]. The relative mRNA levels of arresten, canstatin, tumstatin, endostatin, MMP-2, and MMP-9 in controls were 1.48E-02 ± 0.006, 3.25E-01 ± 0.01, 5.51E-02 ± 0.024, 3.00E-04 ± 0.0002, 4.76E-03 ± 0.002and 3.72E-04 ± 0.0001, respectively \[[Table 2](#T2){ref-type="table"}\]. The mRNA levels of arresten was 1.6 times lower (*P* = 0.01) while mRNA levels of MMP-2, tumstatin and canstatin were 4, 2.5 and 2.3 times higher in cases than in controls. No change was observed in mRNA levels of MMP-9 and endostatin (*P* = 0.82).

###### 

∆Ct value of relative m-RNA levels in controls and cases

               Controls          Cases             *P*
  ------------ ----------------- ----------------- ------
  Arresten     1.48E-02±0.006    6.20E-03±0.003    0.01
  Canstatin    3.25E-01±0.01     1.49E-01±0.02     0.02
  Tumstatin    5.51E-02±0.024    1.70E-01±0.007    0.01
  Endostatin   3.00E-04±0.0002   3.20E-03±0.003    0.29
  MMP-2        4.76E-03±0.002    1.11E-03±0.0009   0.02
  MMP-9        3.72E-04±0.0001   3.72E-04±0.0001   0.82

![Graphical presentation of the relative levels of MMP2,MMP 9,COL4A1(Arrestin),COL4A2 (Canstatin), COL4A3 (Tumstatin) and COL18A1 (Endostatin)](IJO-67-1618-g003){#F3}

Discussion {#sec1-4}
==========

The aim of the present study is to identify the role of antiangiogenic factors (arresten, canstatin, tumstatin, and endostatin) and regulatory molecules (MMP-2 and MMP-9) in controlling regression of fetal vasculature. For this, the study uses a model of persistent fetal vasculature (PFV). In children, PFV typically manifests as unilateral cataract. It is rarely bilateral and is usually associated with microphthalmia, cataract, retinal traction or dysplasia, and elongation of the ciliary processes.\[[@ref2][@ref11]\] In a study reported by Solebo *et al.*, they have observed the incidence of PFV to be 24% in children with congenital cataract, out of which 46% had unilateral and 8% had bilateral cataract.\[[@ref12]\] Age of presentation in our study was ranging from 3 months to 132 months (mean: 41.15 months), which is corresponding to the study done by Mullner-Eidenbock A *et al.* who reported age of presentation ranging from 2 weeks to 15 years in 31 cases of unilateral cataract with PFV.\[[@ref13]\] This wide range of age at presentation can be attributed to the fact that all the cases in our study had unilateral cataract with PFV which is likely to go unnoticed because of the normal functioning other eye. The lens capsule is mainly composed of type 4 collagen. Therefore, we decided to study type 4 collagen derived antiangiogenic factors from lens epithelial cells. To study the impact of these factors we decided to have single subset of PFV; therefore, we included cases with only anterior PFV. Furthermore, cases with anterior PFV will usually present with cataract, so it is easier for us to take sample of anterior capsule during cataract surgery. As the amount of tissue available for analysis was quite little, detection of antiangiogenic factors using western blotting was not possible. Recently, a technology using antibody coated bead-based fluorescent multiplex assay is used to quantify multiple proteins from a single sample. However, we did not have access to this technology. Hence, we decided to study m-RNA levels of these factors.

The regression of tunica vasculosa lentis has been extensively studied using animal models. They have provided some insight into the molecular and cellular mechanisms driving the Hyaloid Vascular System (HVS) regression including tunica vasculosa lentis. Several factors including angiopoietin-2, p53 tumor suppressor gene, arf tumor suppressor gene, γ and β crystallin and vascular endothelium derived growth factors have been studied in animal models.\[[@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] Mice lacking plasma levels of endostatin caused delay in normal regression of hyaloid vessels.\[[@ref20]\] However, the potential discrepancies between all the mice models reported and the human disease are that most cases of persistent fetal vasculature are not bilateral nor are they uniformly severe. To the best of our knowledge, no study has been published in literature evaluating the role of anti-angiogenic factors in PFV in humans. Hence, it would be valuable if these factors were analyzed in clinical cases of PFV.

It has been established that angiogenesis, the formation of new capillaries from a pre-existing capillary network, is highly regulated by the action of pro- and anti-angiogenic factors.\[[@ref21]\] It is known that angiogenesis is influenced by several factors, including type IV collagen derived angiogenesis inhibitors like arresten, canstatin, tumstatin, and endostatin. Arresten efficiently inhibits the proliferation, migration, and tube formation of different types of endothelial cells.\[[@ref8][@ref9][@ref22]\] Boosani *et al.* suggest that arresten may play a potential role in arresting the progression of retinal neovascularization in various pathological conditions of retina in adult eyes.\[[@ref23]\]

Canstatin is a potent inhibitor of angiogenesis with a distinct anti-tumor activity.\[[@ref2]\] Tumstatin was identified as the 28 kDa NC1 domain of the α3 chain of type IV collagen (α3\[IV\] NC1). Tumstatin was most potent in inhibiting the proliferation of endothelial cells and causing apoptosis when compared with the other α (IV) chain NC1 domains.\[[@ref24][@ref25]\] In type IV collagen α3 chain knockout (COL4A3−/−) mice, which are also deficient in Tumstatin, an increased pathological angiogenesis and accelerated tumor growth is observed.\[[@ref26]\] Esipov *et al.* provided evidence of anti-vascular effects of T8 (Tumstatin peptide) on a newly formed vessel network in a corneal neovascularization model.\[[@ref27]\]

Endostatin is a protein with a relative molecular weight of 20 kDa.\[[@ref28]\] It may directly affect cells undergoing angiogenesis or regulate the secretion of various growth factors and it has a stronger effect on undifferentiated blood vessels as compared to differentiated blood vessels.\[[@ref29][@ref30][@ref31]\]

MMP-2 and MMP-9 play a crucial role in the initiation and progression of vessel formation.\[[@ref32]\] It has been suggested that these molecules display both pro and anti-angiogenic activity.\[[@ref33][@ref34]\] By degrading ECM, these molecules control angiogenesis during the early and in later stages.\[[@ref35][@ref36][@ref37]\] They are capable of degrading ECM proteins and play a significant role in a number of ocular pathologies including retinopathy of prematurity, diabetic retinopathy, and choroidal neovascularization of age-related macular degeneration.\[[@ref38]\] Boosani *et al.* suggested that arresten has inhibitory effects on MMP 2 activation during angiogenesis.\[[@ref23]\] In the present study, our results of high m-RNA levels of MMP-2 and low m-RNA levels of arresten in PFV cases conquered with this study.

In our study, m-RNA levels of arresten were low but m-RNA levels of tumstatin and canstatin were high. We speculate that low levels of arresten resulted in the compensatory higher levels of tumstatin and canstatin. It is possible that arresten plays a decisive role in regression of fetal vasculature. There was no change in the m-RNA levels of endostatin. It is possible that endostatin plays a role in the formation of vessels but no decisive role in regression of fetal vasculature. We found no significant difference in mRNA levels of MMP-9 between cases and controls. Alterations of levels of various angiogenic and anti-angiogenic factors lead to failure of regression of fetal vasculature resulting in persistent fetal vasculature.

Implications {#sec2-5}
------------

Regression of fetal vasculature is an important phenomenon involved in maintaining the clarity of crystalline lens. At present, we are dependent on animal models to understand the detailed process of regression. Studying clinical cases of PFV in children could be used as a model system to research it further. Such a clinical model of PFV could also be used to understand interplay of various molecules and proteins in angiogenesis as well as regression. Its implication in tumor formation and other eye pathologies resulting new vessel formation is obvious. Moreover, genes responsible for such changes in antiangiogenic factors in PFV cases should be identified and studied further.

Limitations {#sec2-6}
-----------

Studying these factors in the PFV fibrovascular tissue in addition to LECs could have been more informative. We have taken cases with only anterior PFV, so this is applicable to only anterior PFV cases. Role of same factors needs to be established in cases of posterior or mixed PFV. Since low levels of arresten in PFV cases has been noted for the first time it needs to be validated by further studies in future.

Conclusion {#sec1-5}
==========

We found m-RNA levels of arresten were significantly low. An imbalance in the levels of anti-angiogenic factors arresten, canstatin, tumstatin, and MMP-2 may be responsible for the clinical condition of PFV with cataract.
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